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（2）将粒径为 3.5±0.7 nm 的纳米金作为多肽的示踪物对线粒体靶向肽进行
修饰，利用 ICP-MS 精确定量分析细胞各组分中金元素的含量借此考察多肽的线
粒体靶向作用，实验结果表明 pALDH Leader 具有良好的线粒体靶向效果，同时
纳米金修饰后的 pALDH Leader 具有较低的毒性，纳米金可用于细胞内多肽的示
踪。 
























Mitochondria is the vital organelle of cell, it plays an important role in cellular 
oxidation, cell aging, and a wide range of diseases. Mitochondrial targeting peptide 
pALDH Leader is a special sequence of aldehye dehydrogenase in the mitochondria 
from yeast, which is able to render the drug molecules into the mitochondrial. It has 
been reported that conjugating pALDH Leader with some biofunctional drug 
molecules can achieve the purpose of targeting delivery of drug. However, the 
pALDH Leader doesn’t provide a function in antioxidation. So in this study we 
designed to conjugate pALDH Leader with other antioxidant peptide to develop the 
multi- functional ability of Mitochondrial targeting peptide in therapeutic molecules 
delivery. The main studies are as follows: 
(1) Three methods were employed to crack the cells and the mitochondria were 
obtained by ultracentrifugation. The optimum conditions for extraction of 
mitochondria was confirmed by the result of janus green B dyeing. The specific 
enzyme detection showed that high purity of mitochondria could be obtained by this 
method. Mitochondria swelling test and the vitality detection of specific enzyme in 
intima all revealed that the extracted mitochondria still kept the intact structure. The 
mitochondria membrane potential detection and the investigation of intima respiratory 
chain enzyme indicated that the mitochondria still had good biological function. 
(2) The Au nanoparticles of average diameter 3.5±0.7 nm were decorated with 
pALDH Leader, which used as peptide tracer. The distribution of Au element in cell 
was investigated by ICP-MS, and the result presented that the Au- modified pALDH 
leader-peptides not only have good biocompatibility but also have the ability of 
mitochondrial targeting. 
(3) The pALDH Leader was conjugated with glutathione (GSH) which has a 
function in antioxidation, to build a multi-functional inoxidizability targeting 
















fluorescence spectroscopy and flow cytometer. The inhibitive effect of ROS 
analogues produced by complex polypeptides was researched. The peroxidation of 
cell was induced by H2O2, and the protective effect of polypeptide complexes on  cell 
peroxidation was examined by fluorescent inversive microscopy. The results 
demonstrated that the polypeptide complex can restrain the abnormally high condition 
of ROS even at low concentrations, thus to keep the mitochondrial membrane 
potential normal. 













































或使增强病变组织的代谢能力，而不会波及病灶周围的正常组织细胞。    



























1.2.1 线粒体结构  
线粒体在细胞内的作用举足轻重，其构成也十分复杂，一个典型的结构特点
就是含有双层膜结构如图 1-1，双层膜将线粒体分成了四个部分：线粒体基质、
线粒体内膜、线粒体膜间质和线粒体外膜。     
 
 
图 1-1 线粒体结构示意图[7] 
Figure 1-1 A schematic view of the mitochondrial membranes and key 
respiratory proteins. MOM, mitochondrial outer membrane; MIM, mitochondrial 
inner membrane; IMS, inter-membrane space; MPTP, mitochondrial 




类和蛋白的含量比大约为 1:1 [8]. 外膜中的蛋白构成了膜孔蛋白（porin），允许
































动物组织中 80%到 90%的 ATP 均是由线粒体内氧化磷酸化提供，是名副其
实细胞动力站， 90%以上吸入体内的氧气被线粒体消耗掉，线粒体提供足

















图 1-2 电子传递链上电子传递[9] 
Figure1-2 Mitochondrial electron transport chain（complexes I,II,IIIand IV）
transfer electrons from reduced substrates to O2.During electron transfer，proton 
pumping to the intermembrane space space generates the electrochemical gradient，


































的 CuZnSOD 和谷胱甘肽过氧化酶等多种酶都可以和 ROS 反应，保证细胞





























图 1-3 活性氧的产生[20] 











C 分子从线粒体内膜上释放进入细胞质，在细胞质中和 Apaf-1 结合后形成凋亡
小体，触发细胞内蛋白级联反应[26]，造成细胞局部消解直至细胞死亡。线粒体
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